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Dfi&crtDiion 

Lymphokinm such ae Intttrfsrons (hereinsner snmetlmfifi abbravtated as IFNs) and interteuldn-2 
(herelnaltor somHtimsa abbrevlmBd aa IL-2) havo been considered to be of clinical valus for the troDtrnvnt 

s of vlrol infections and mallgnaneies and recent technological advancea In ganstie anQineering have made it 
In principle possible to produce sucn tympholdnea on large scales. Howovar, ti Is known mat ihfl clearance 
of lymphokines administersd to ttie living body ia in general very shoit. In the caee of lymphokincs derived 
from hotorolOQOue animals, rt is antldpstod that ami bodies tnsy ba pniducad In soma Inataneaa and cauea 
aavera rsaction auch as anaphylaxia. Therefore, ttennoiagv devslopmani rs desired which leads to delayed 

ro Clearance of tyrriohaklnee used ea druga. with their activity meinod, end furthor to decroaao in tholr 
antlgoniclty. To achlave this objeeif chemical modifleatlon of lymphokines is a vary effeeeh/n m^ns. Such 
ehomleal modification ia siepaetad to result in delayed clearance In the living bodv« decreased aniioeniciTy 
and, funher increaaed phyalolagicol acttvlty. From the practical viewpoint, the aignificsneo of chomical 
modificaiion of lymphoUnea is thus very greaL 

M Ganeraiiy, In chemically nrradified physiologlcalty scilve Drateln«. a method la required by which said 
protelne can bo chomicol^ modified while rBtaining their phyalologloal aeilvtry. Polyethylene glycol methyl 
ether Is considered to have no aniigenicity and therarora Is used in chemical modlflcadon of orDtelna. T>ie 
Inuoducdon of said substance into proteins is generally performed by way of the tntemnadtery of cyonuric 
chloride. However, cyanuric chloride Is toxicpef «e and the possible toxicity of its degradation produces In 

20 vhfo ramains open to question. Thererore, cyanuric chlaride should be used wixit caution. Furtnerm ore. tne 
reacdon involved requires e pH on the alkoHno aide and thoraforo the above-mentioned method of 
modification has a drawback In that It cannot be applied to proteins liable to Inaetlvadon under alkaline 
eonditians. 

U.S. Patent No. 4,002.S31 dlacloses a method of producing monoalkylpolyothylene glycol derlvaihres 
»e of enzymes. However, the method disclosed therein, which uaaa sodium tmranyanda at pM B.5, when 
applied to lymphoktnas. may posalbty destroy the phyatological activity of h^mphokJnee and therefore 
cannot aervo aa en efFactivB method of production. Purthermorer said patent specification doee not any 
suggastlon as to the efffect of delaying the in vt\to claaranca of the enzyme derivaih/aa. Such effect la 
therefore unknown. 

30 There ie also known a method erf Introducing a low molecular aldehyde such as formaldehyde, 
acetaldehyde« benzaidehyda or pyndoocaJ into pnysiotogicaily scdve proteins in the prmenca of a 
boron-contoining reducing egsnt (IMethods In £nzymetogy. 47, 4B8-^?S 119771; Jspsnesa Patent 
Un«xamTnad Pubilestlan Mo. 15^,596/831. However, applleatlon of said moihed ts lympholdnas ralla to 
achieve effective delay In clearance. A aubstantiel dacreaaa In antfgenlcTiy cannot be expected but rather It 

as la poaaibta thet the low moleoular aldehyde introduced may «*rue as a hapten to thereby provlda said 
lymphoklnaa with immunoganiclty. 

The preaam inventors studied Intonelvely to overcome the sbove difOcuhiea end have now eomploted 
the present Invention. 

Thia Invention provides chemically modified fymphota'nea having polyethylene glycol of the formula 

wherein H is a protecdve group for the termtnel oxygen atom and n Is an optional positive Integer, bonded 
directly to at least one primary amino group of the lymphoklne moiety and a method of producing the 

«S some. 

In the present speelfieatlon, the term "lymphoid ne" includea soluble factors rojaflsed from 
lymphocytes and involved in cellular immunity and subatanccs equivalent thereto In phvalologlcal actlvrty. 

Thus, the lymphokines may be genecieolly engineered producta, preduGta darrved from various 
animals including humana and further Include aubstances similar in structure and in ohysiologica! activity 
SD to these. 

For Instance, there may be mentioned various interferons [interferon-a (iFN-a). interferon-^ (IFN-^1, 
imerferon-y OFN-vlX (L-2. macropliaoe differentiating factor (MDF), macrophage activating fsctof (MAF). 
desue plaamlnogen activotor, and substances slmjler in structure end in phyaiological activity to thosa. 
Examples of said substances similar In structure and In physlotoolcal activity are substances having 

BS me aiTXiCture or 1PN*y except for the lack of 2 to 4 amino adds at the Nnerminal thereof (PCT/jp84AK)292t 
filed June 6, 19B4), varloue IFt4.Yfr^**^A"^ lacking tn ths C terminal portion of IFN^ (e.g. 1EK spaeiaa; EPC 
Patent Application No. 84 111133-9). substancos having ins struecura or il-2 except far Uie lack of the 
N-termlnal emino ecld thereof {£PC (laid openl 91533} or The lack of 4 amino adds from the N-termlnel 
(Japanese Patent Appllcedon 68-23E63a, filed Oaesmber 13. 19831 and subetanees having the structure of 

ox iL-2 except ror the lack of one or more consiKueni amino acids wfih or wtthoui one or more auosiIiUTa 
amino acids in place of eeld missing one or ones, for example the IL-2 analog containing aerina In lieu of the 
12Gth amino acid cysteine (EPC (Isld open) 104798). 

Preferrao among such lymphokines are iFN-a. iFN-y rconsisong of lae amino acidB (EPC (laid open) 
0089676)1, IFN-Y lacking In two N-carminal amino acids llFN-y d21. iFN-y lacking In three N-terminsI amino 

Gs adds (tFN^ dS), and IL-2. 
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Tho tymphokines to ba used in the praetfe» of ths invention preferably have « molecular weight of 
B.OOO to 50^0, more preferably lO^QO to 30,000. 

TtiQ prfmBry amino group of lymphokinca Includoa the N-tornnlnal o-am!no group and tha c-amino 
group of the l\^lne residue. 
s Referring to the group represwnted by me above Tormuie (I), ins carmmai oxvgen'pratocilng group R ia, 
for example, an alkyl or olfcanoyl group. The sikyi group ia profarably an alkyi of 1 to IB carbon atoms, more 
preferably a lowor (C1.4) alkyl, auch aa methyl, ethyl, propyl, {-propyl, butyl, l-butyl sac-butyl or t-butyl. The 
slkenoyi group Is prerarabiv an BikanoyI of 1 10 8 carbon aums^ mors prefarably a lower (d^) alkanoyl, 
such 86 formyl, acetyl, proptonyL butyryl, l-butyryt or caproyl. Ih9 postttva Intagar n Is prefereblv not more 

to than 600* more preferably 7 «a 120. 

The group of formula (M preferably hss a molecular weight of not mora Chan 25^0« more preferably 
360 to 6,000. From tho viowpeinte of phyelolegieal activity retention and dearanea dstaying sffect, the 
group of formula 01 pnTferably has a molecular weight correopondlng to 1 to 1D%, mare prafeFably 2 to 6% 
of the motecular weight of the Ivmphokfne to be modrfied. 
te The chemically modifiod lymphokines according to tho invention have the group of formula II) directly 
bonded to at leaj^ one of the primary group of the eorrafiponaing lympnokinea. 

When (ho N-rerminal □*BminD group Is the only primary amino group In iho lymphoklno \o bo 
modifiod, tho modifiad lymphoklno has the group of formula |l) directly bondad to Mid amino group. VA/hen 

the lymphoklno to be modified has one or more lyaine reslduea in lie molecule, the modified lymphokine 
20 nS6 Ifte group of formula (0 diractiy bonded to eoma percontaga. proforably IS to 60% ion the average)< of 
said e-emino groups. In thia ease, tho N'termtnat o-amlno group may have or may not have the group of 
formula (I) directly bonded thereto. 

The chemtcally modrfled lymphoid nee oeeerdlng to the invention can be produced, for example, by 
raactlng a lympheklna wHh the aldehyde of the formula 

IHO-CH,CHr»s=iO-CH,CHO (H) 

wherein R end n are as dofmcd obovo, In the proaenee of a radueing agenL 

As the boron-containing redueing agent to be uaed aa conducting the maetion, there may ba 

30 mentlonao sodium borobydrlde end sodium cyanoboruhydrlde. Among thera mor« preferred la aodium 
cyanoborohydrtde from the viewpoint of selecthflty of reaction or possibility of carrying out the reaction In 
the neighborhood of nautrainy. 

In carrying outtha reaction, the aldehyde (li) la uaod In on annount of about 1 to 10.000 moloa per mole 
of the tympheklne, and th« boron-containing reducing agent la u&ad In an amount of about 1 to 100 molaa 

3S par more of the lymphokine. T^e oagrea of modification can be fiaiectad aa desired by varying the mole 
ratio bqtwaen lymphoklno and aldahyds (II}. The solvent to be used in carrying out the Invention may be 
*ny jtoivant which doea r\oi disturb tha reactfon and ia. for example, a buffer such as a phosphate or borate 
buffer. An organic solvent which does not inactivate lymphokinea or disturb the rooalon, such ao a lower 
alkanol |e.g. methanol, ethanol, I-propanol) or acatonltrDa. may be added. The rttactlon may ba conduetad 

40 within a broad pH range or 3 to 1 a but Is preferably perfOrmeo In ine vicinity of neutrallcy {ah e.s— 7,5). The 
rsacdon temperature may bs salecied within a broad range of 0* to 8trC, preferably 0* to SOX, ao es not to 
oauaa denaturatlon of lymphokinss. A pariod of 0.5 to 100 hours, generally IB to 60 houra, will be aufnciani 
for tne reaction. Jnt OaalreO, cnemically modined lymphokinea can tie obcoinDd t»y purifyirte the reaction 
mixture by dlelyelsi aalting ouc ion Bxchange ehromatography. gal filtration, high performance liquid 

45 chromatography, eleetrophoresia, or the like ordinary method of purlfvlnp proteins. The degree of 
moOTflcaOon of tne amino group or groups can be calculstod by add degradation followed by amino acid 
analysl*. for instonoD. 

The above-mentioned aidebyde (ID can tie produced from an ethylene glycol derfvstlve of the formula 

« R4O-CHaCHr4fi0H (III! 

wharain R ond n ore aa defined above, for Inatance, The following le a method of producing the esme which 
is adventageous In that the production or the oorreaponding byproduct csrboxyiic acta is imie. 

Thus, the compound (III) la oxidKed with pyrTdlnium ctiforochromota in a haloolkane aolvont auch 00 

as methylena chloride or ehleroferm. In this cBee,.pyridInlum ehloreehromate is uaed In sn amount of 1 to 3 
moles per mole of compound (III) and ens reectlon is carried out at -lO* to GOrc, prereraDiy at room 
tempBrnura, for 1 to 30 hours, 

Treatment of compound (III) {n-D with potaaaium butoxfde In C'buianol followed t>y reection with a 
bromoBCBtei and trentmem With an acid auch aa an organic acid (e.g. trifluoroecetic acid) or an inorgenic 

Bv add {e.g. hydroohloric or aulfurfe aeldl can also giva the corrasponding aldehyde (II) which \e lor\ger In 
chain langth fay — O^CH^H^ than compound (III). In this cdfla, 10 to 30 malas, per mole of compound 
(III). Of Dotasslum i-butoxide la added to the above compound and, etter dlsaolution, 3 to 15 motea, per 
mole of compound (III), of a bromoacetal is added, followed by reaction at Iff* to 80*C for 0,5 to 5 hours. 
After treatment of the reaction mixture In the convantlonai manner, me produa is oisaoivaa in a dilute 

SB aqueous aotutlon of the above*manttoned odd, followed by heating for 5 minutes to 2 hours. 
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In each caso, ih« reaction mlxtura can be Bubjected to purfflcaQon process convention nt In ^0 flald of 
chemistry, such as exireetlon, eonoanTretion. recrystallization, rapradpitBtlon, chromstography and/or 
dlvtlliation. 

The chamically modified lyniphofcinss according to ihe invention hora uaoful phyBiologicol activitiea 
s simitar to thoae of the coiroeponding knovyn, unmodiftad lympKokines and are useftjl as drugs, among 
ochere. 

The Chemically modified ivmphoklnss according to the invantlon Khlblt delay in daaroncs in vrm a» 
compttrtd with the corraapondlne knownt unmodified tymphoklnes and era low in toxlehy and antigenicity 
and can be used safely for tho aame purposes and In the same manner as In the case of known 
'c lymphoiclnes. 

Tho ehdmicaliy modified lympholcinM aeeonding to the Inventian can ueuslly be adminiscarad to 
mammals (monkey, dog, pig. rsbbli. meusa, human) either orally or parenieratly in the form of appropriate 
pharmaCBUttCBl compositions prepered by uatng ceniers^ diluents, etc., which ere known In themselves. 

Thus, for Instance, chemically modifiBd IFN<a according 10 the invention, when used ae an antiviral 
TS agent, ie racammendably administered To human adults once a day by incravenoua Inlectlon In a dose of 
ixicT TO 1x10* intarnBtlonel units. 

In the prosent spsclfleatloni the amino acids, when referred to by abbrevletions. are abbrevistad 
according to lUPAC-lUB (CommisBfon of Biological Nomandsiure). 

The transformant EsehBnehia eoti 294/pHnrtrp1101-d2 as disclosed harelniatBr in a reference example 
Jto hat) been depaalted with InMituta for Fermentation. Osaka IIFQ) under the deposit numt>er IFO')43fiO and, 
since June S, 1984, with The Fermentstlon nssasrch In^dtute (FRII, Agency of Industrial Scienco end 
Technology, Ministry of International Trade and Industry under The deposit number FERM BP>703 under 
BudepRBt Treaty. 

The strain Bsehen'chio coif OH1/0TF4 has been deposited with Ihe InatiTUiB for Fermentstlon, Osaka 
' 98 under the depaart number IFO-14399 And, since ApHI 6, 1904. With the FRI urularthe deposit number FERM 
5P-62B under Budapest Treaty. 

Brief description of drawings 

Rg. 1 shows (he dearance-delBying effect In rat plasma as disclosed In Example 1 (Iv). Tha 
30 meacuromem results obtained with the chemically modified IFN-a according to tha Invantion as produced 
in Example 1 (I) ere fndteaied by Q (enzyme Immunossssy) and □ (ontivirDl octhrlty eesey), end the results 
obteined with riFN<aA uaod ao a control by % (enzyme Immunoassay) and ■ (antiviral activity assay). 

Rg. % shows the clearance-delaying effect in rat plasma as disclosed in Example 3 01). The data 
indicated by A< □ and 0 are the enxyme immunoassay data for compound No. compound No. 2 (Table 
as 1) and eemrol rirN-oA, respeetlvalv. 

Rg, 3 shows the construction scheme for the expression DiaamiQ pHiTtrpiioi<d2 disclosed fn 
Reference Emmplc 3 (i] and Fig. 4 the conatnictian achomo for the expresdon plaamld pLCS diaelosed in 
Reference Example 4 U), 

<o Seat mods for carrying out the Invermon 

The fallowing working examples and reference e^iamplee niustrata the invention fn more detail but are 
tiy no mesne llmltBttve of the invention. 

Example 1 

4ff Production of palyethylene glycol methyl ethaf-modiflBd IFN-o 

(I) A S-mJ 1^8 mg as protein) portion of a solution of IFN-a (rlFN-<aA) was dlaiyzad against o.Z M 
phoapharte buffer (pH 7.0} and 0.15 M aodlum chloride «t4*C for 12 houra. To the dlelyzete teton out, there 
was added the petyethyleneglyeel methyl ether aldehyde (average molaeular weight IrSOO) (260 mg) 
obtained In inference &tempie 1. Then, eedlum cyanoborohydrida (140 mg) was added, iand Che mixture 

50 was sdrred et 3TX: for 40 houm. The reaction mixture wos poured Into a Sophadox G-75 column t3.0x43>0 
cm) and daveieped with 26 mM ammonium aceista buffer (pH 6.0) and 0.1 S M sodium chloride. The eluata 
was collected In 6-ml oortiona. Eluaie fractions (100—150 ml) containing the contamplBted product were 
combinsd. Aaan^ng by tho Lowry mothod uatng bovtna serum albumin as a standard revealed that the 
protein comant in ^e combined fractions was 8d \>QhrX. Amino acid ratios in acid hydrolysata (6 N 

SS hydrochloric acid« 110*C, 24 houre) were es follows: Asp, 12.2 (12); Thr, 10.4 (10); Ser, 16.0 (14); Glu, 24.8 
(26); FYo, 6.0 (5); Gly,6.3 (S): Ale. 8.6 (8); Va), 8.5 (7); Met, 4.0 (S); lie, 7.8 (fl); Leu, 21.0 (21); Tyr, 6.3 (S); Phe, 
9.9 (10): Lys. as; His, 3^ (3): Arg. 9.1 (9): cys. Trp, deeemposed. tn view of the fact that riFN'OA contains 1 1 
Lys residues, the above results led ID a conclusion that about 4i% of Lys rosiduoa In Interferon a had boon 
modified at the e-amino group with the polyethylene glycol methyl ether leverage molecular weight 1,900). 

to The poiency of this product as dscsrmined bv the enzyme immunoassay method [Methods in Enzymoiogy, 
79. 689—696 (19S1)| was 1.51X10^ international unita/mg and tha antiviral activity as determined by the 
method described In Journal of Virology, 37. 755 — 7Sfi (1981) was 0.57X10' Intemotionel unrta/mg. This 
product (IFa-3) was submined 10 a cJaarencB test in rats es menrlonsd later herein. 

(II) Using 100 mg of tho polyethylene glycol methyl ether aldehyde obtained In Reference Example 1 
es snd having an evsrege molecular w^ght of 750 end 100 mg of sodium eyanoborohydflde. dPN-oA was 

4 
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tresied in the same manner as {i) to givo 3D ml of B aotullon Of polvothvlBnc glycol methyl ethor-modifled 
IFN-Q with B Droteln contenl of 130 ufl/ml. Amino acid ratios in acid hydrolyBaia (6 N hydrochloric acid, 

nO-a 24 hour*) we™ oe foUowe: Aap, 12,1 fl2)j Thr. 10.1 (10); S«f, 13.6 (Id); GIU. UB); Pro. 5.6 16); 
Glv, 5.6 iS); Ala. 8.4 (8); Vsl, SJ (7); Met, 5.B (5); Ua,7.4 18); Leu, 21.0 (2i); Tyr. Q.i (5); Phe, 8.6 no); Lye, 4.7; 
5 Hi9 as (3)* Am, 9.1 <9t; Tro. 1.6 (2); Cy». decompossd. Tho obovo dots indicate that about 67% of Lys 
rsBldues hnd been modified at the e-amino group. Enzyme immunoaasBy perTomiBd Ifi ma aama manner 
aa (1) gave the reeuU 5x10" Intemstionsl unttsmia and Ihe anilvirBl HCiIvIiy of iho product waa 0.14x10* 
Intsmational unlts/mg. 

(lii) The procedure of |i) waa followed using 27 mg of the polyethylene glycol methyl etnar eldshyde 
to and 27 mg of sodium eysnoborohydrida and there wea obtained SO ml of a polyathylana glycol methyl 
ethar-modmefl IFN-o solution with a protain comont of 45 ti^fmU Amino acid ralloe In add hydrolyBsta (6 N 
hydrochloric acid 110*C, 24 hours) gave the following results: Asp, 13.B (12): Thr, 10.4 (101; Ssr. 14,S (14); 
Glu, 2B.6 (26)- Pro S 5 (5): Gly. fi l (5|; Ala, 6.3 (81: VaL 6.6 17); Met. 5.2 (S); tla, 7.4 (B); Lau, 21.0 (21); Tyr, S.3 
(5)- Pha, 10.2 (10); Lye. 8.0; His, 3.6 01; Arg, 9.1 (9): Trp, 2.3 (2); Cya, deeompoaed. The above data indicHiB 
fs that about 1 of Lya rsalduefi hud bann modified at ths e^mlna grouD. Enacvme Immunoassav performed 
In the same manner as (II gava the result 1.09x1 O* Intemationol unlta/mg and the antiviral activity of this 
product waa l-SSxIO* ifrtomatlonal unite/mg. _ . ^ ^ , ^ . , 

(M The chemlcaHy modlfiad 1FN<1 (IFA-3) of the invention as otJtalnBd above In <I) waa odmlnlarterad to 
B aroup of three 7^Areek-old ffimale SD rats by Iniection intD thofamorel muscle In a doae of 1.274xio* units 
» pcir copitB. Afiof a proecribcd period, blood wae aampled »rom the caudal vein and me iFN-o potency In 
plasma waa determtnao tiy the enzyme immunoeaaay method end endvimi octivitv method daaertbod in 
Example 1 (1). A diatina delay In elgaranea waa obaorwed aa compared with a group edmlniatHrad 
unmodified interferon □ (riFN-aA) In a dose ijsaxio* units per capita. 
The above rasutta ere depleted In Fig. 1. 

Example 2^ ^^^^^ eoiunon of chemically modified iFN-a UFA-3) of th« Invontlon o« ohtalnod In Example 1 
(I) Chora 1o edded 3S0 mg of human serum albumin. The roauttlng aolutlon Is flltfired tfirough a meiTlDrBne 
fitter (por« size; 0.2 pm) and distributed Into S wlals, followed by lyophlHzation and norage. The conienta of 
so each vlel are diwolvod In i ml of dietlllad water for Injection Juat prior to use. 

ProducSon of polyathylono glycol methyl elha^modH5ed IFN-o end elleanoyJ-polyethylena glycol-moomaa 

3S '^^Tn The Tide compounds wer« oynihealzod by ualng tho polyethylene glycol mathyl eth»r aldehyde and 
alkanoylpolyathylene glycol aldehyde obtained In Refarenoe Example 1 and HaTarenco Example Z, 
respacilvely. and tallowing the procedure of Example l. Vorioue data for ooah darlvariva aynthoaized era 
Bhown In Table 1 end amino add anelyeia data tharoffor In Table 2. ^ ^, ^ ^ ^, «t 

(11) The chemically modKled ifn-q spades obtained in (I) above (compound* No. 2 and No. B] ware 

A administered W 7-W8el£-old femolo SD rata In groups of 3 by Imramuacular Iniocllon Into the femur In doM 
of 3.12X10* unite and 2.66x10* unttt, reepectivatv. TharaBfcer, blood samples were collecied from tne 
caudal wein at times tntervats and essayed for IFN-o potency In plaama by orwymo ImmunoaMay, 
Obviously dBlayeri doarance woo notod ec compared with the group given 3^x10' unite of unmodified 
IFN-o. These resulta are depicted In Rg. 2. 
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TABL£ Z 



to 



AmInD add onDly«I» value 


pound 
No. 


1 


2 


s 


4 


G 


6 


7 


8 


g 


rIFN 
HiA 


Theo- 
retical 


Asp 


12.8 


12,7 


12.S 


12,5 


13.4 


12.9 


12,2 


12.5 


19 fl 


17 A 




Thr 

1 nr 


11.7 


11.6 


n.2 


10.9 


11.3 


11.4 


10.9 


11.6 


1U 


11.6 




Sor 




IB./ 


IS.7 


1S^ 


17.B 


16>6 


1B.4 


10.D 




15.6 


14 


Glu 


27.4 


27.0 


2B.7 


27.3 


27*9 


27.3 


28*1 


20<S 


26 .4 


27.0 


2B 


Pro 




6.3 






5.6 


S.B 


a.3 


s./ 


6.7 






Gly 


d.9 


K.0 






7.1 






5.3 


E.4 


4.6 


5 


AIb 


8.1 


B.0 


8.1 


7,8 


8.8 


7.B 


7.3 


83 


8.4 


7.6 


6 


Cya 






















4 


Val 


6.6 


6.6 


e.7 


6.B 


7.3 


6.7 


6.3 


fl.9 


7.1 


E.B 


7 


Met 




A 7 


4.3 


4.3 




4.3 


4.1 




4,8 




5 


llo 


7.7 


7.7 


7.7 


7.8 


8.0 


7,6 


7.3 


7.& 


7.6 


7,e 


8 


Leu 


21.0 


21-0 


21,0 


21.0 


21.0 


21.0 


21.0 


21J) 


21.0 


21.0 


21 


Tyr 


<U3 


4.S 


4.8 


4.6 


4.8 


4.6 


4^ 


4.8 


4.8 


4.6 


S 


PhB 


9.8 


9.B 


S.B 


9.B 


9.a 


8.6 


9-4 


9.7 


9.8 


9.8 


10 


Lvi 


a.6 


10.3 


10.S 


9,6 


5.4 


€.1 


3.3 


8.6 


4.9 


11.3 


11 


His 


2.7 


ao 


2.7 


2.7 


2.S 


2.8 


2.G 


2.9 


2.9 




3 


Arg 




8.8 


9.2 


B.B 


9.1 


8.8 


8-6 


7.7 


7.6 




9 


Trp 
















0,8 


1.0 
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45 — : Not dstocted. 
Exampla 4 

proaueoon of poiyethvlane glycol methyl sther-modlflad Interferart-y 

(i) A &-ml portion (5.95 mg ea protein) of a solution of th« interfBran-v protein produced DV the 

so recombinant DNA technique (hwreinsftsr abbrgvlsted as rlFM-vi cf. EPC leld open No. 1iatM4) woe Applied 
to a Sephadex G-26 column 12.0x80.0 cm) and davatopad with 0.2 M phosphate buffer (pH 7.0). The siuete 
waa fractionated In 5-ml poniona. Fraeslons Hoa. 11 — 13 wont comblnod end dilutod to 100 ml with the 
same bunar. Thereto was added potyethylene glycol maihyl ether aldahyda (average molecular weight 
760) (226 mg), followed by edditlon of eodlum cyanoBorehvdrlda 1300 mg). The mixture was ehakan at 37'*C 

66 for 72 hours. The raftuliing preolptiete wsv romovad by eantrlfugetlon. Th« supematant waa concantreted 
10 10 ml using a Olaflow membrane (Amicon). The eoneentreta wee applied to « S*phedex G-7E column 
(3,0x43.0 cm) end developed wHh 26 mM Bmrnanium acetets buffer [pH e.0)-f-0.15 M aodlum chiortdfi'f 10 
mM gluiBihlone. The eluate waa frectioneted in B>ml portiona. Frwtlons Nos. 17^24 containing the desired 
product were combined. The protein content fn the combined Frgctians as darermlned by the Bradford 

tto method using bovine sorum olbumin 99 a standard was 7.73 ug/ml. The acid hydralysBte (G N nydrocnlorlc 
acid, 110%, 3A haunt) qav* the following amino actd analyals vaiuec: Aap^ 19.6 (20); Thn 4.7 fS); Sor, 6.3 
(11). Glu, 16.S {181; Pro. Z.1 (Z): QIV. 5.4 (5); AI8. 7.S (8); Val, 8.4 (8): Mat, 3.7 |4); lie. 7.1 (7): Leu. 9.7 (10), Tyr, 
5.3 (5); Phe, 9.7 (10); Lye, 17.6; His* 2.0 (2); Arg, 5.0 (8): Cys.Trp, decomposed. Since rJFN^ contains 20 Lvs 
residues, the above results Indicate that about 129C of the Lye s-emlna groupe in rlPN-y hed been medtfiad 

eg by polyethylene glycol methyl ether (average molecular weight 750). The product had an antiviral ecdvtty 
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of 1.3X10^ intfirnationai unltsnng. Administratfon or the praduet to rats reaultsd in obvious dela/ tn 
etearancB m blood. On the other hand, fhfl precIpitBte was dissolved in 6 M auanldine hydrochloride and 
dialyzed against 26 mM ammoniuni acetata |pH 6^)+0.15 M sodium ehlarlde+10 mM glutathione st 4'C 
overnignt TOllowed by Sapnadex G-7S gel miration in ihe same manner as above. Hie ihua-pufKied 

ff fraction |25 mU hod a protein contoni of 126 iiQ/ml end amino acid enolvsis of the acid hydratyssie (6 M 
hydrochloric acid, 11(r*C. 24 hours! gave the followtng ^/Qlues: Asp, 20.0 (20): Thr. 5J (E); Ser, 9^ (1 1 ); Glu, 
nz (181: Pro, Z.7 (Z): Gly, 14.C (5): Ala, ai (a): Val, B.5 (H): Mat 4^ lai: lies, 13, (71; Leu, 10.2 (10t: Tyr. 6.fi 
|G|; Pho, 10.1 (10); LyOf 1^*7; HIa, 2.0 (2); Arg, 7.3 (6); Thr, 0.7 (I); Cya, docarnpoavd. The hlffher vstuBS for 
Qlu and Gly than the ihaoratical are prasumably due to contaminstion by glutathione. Since r1FN-y contama 

10 20 Lva e*8mino groups, me above resuiu indicate thai about 26.9% of cha tya B-amino groups in riFN-y had 

boon modlflod by polysthylane glycol mctthyl sther. 

(11) Using 225 mg of polyethylana glycol methyl ethar aldehyde hei/ing an average molecular weight of 
750 and 120 mg of sodium cyenoooron^nda, riFN-y was Treated In the same manner as (i) in the praaance 
of 2-mercaptQBthenol (2%) to give 30 ml of a polyethylene glycol methyl sthe^modified rIFN-y solution 

7ff having e protein comem of 236 po/niL Amino acid analysis of the acid hydrotysaia (B N hydrechlortc add, 
1 lore. 24 haura) gave tho following veluec: Asp. 20.0 (201; Thr. 6.2 (6): Ser, 9.6 (11): Glu, 33.0 (18); Pro. 1^ 
(2); Gly, 16.9 (6); Ala. 8.2 (8); Val. 8.9 (8); Met, 4.8 (4); lie. 7.4 P); Leu, 10.2 (101: Tyr. 6.8 (G); Pha, 10.7 (10); 
Lya, 102; Hl& 2 J (2|; Arg, 7^ (B); Trp, O.fl (1): Cys, decompossd. The higher values for Glu and Gly are 
presumably due to contamination with glutathione. Since rlFN-y contains 20 Lye e-amino grouoa, the 

^ BbovA r««stutts Indleata that about S0% of the Lye e-amino groups In rIFN<*y had been modified t»y 

potyetnyiene giycoi metnyi etner. 
Example B 

Production of polyethylene glycol methyl ether-modlflad IFN-vd2 

ots (1) A &-ml ponton {4.SB mg as protein) of the IFN-Yd2 solution obtained In nefersnca Example 3 ia 
applied to e Sephadex G-26 column (2.0X60.0 cm) end developed with 0.2 M phosphate buffer (pH 7.0). Ttia 
alusre ia fractlonatad lay 6 ml. Fracdona Noa. 1 1 — 13 ors combined end diluted to 100 ml with the seme 
buffer. To the dilution ia added polyethylana glycol methyl ether aldehyde (average molecular weight 750) 
{200 mg), and then sodium cyanoborohydrlda 1300 mg). The mixture is shaken at 37% for 72 hours. Tho 

m reautUng precipitata ia ramoved by cantrip gatlen. The aupernatsnt ia concantrotad to 10 ml using a Oie:flow 
membrane (Amicon). The concentrate Is applied to a Sephadex (3-7E column (3.0x43.0 em) end develope<d 
with 26 mlWI ammonium acBiate buffer (pH Q.0)i-0.15 M sodium chioridB'MO mM glutatnione. The eiuata [ft 
fractionated by 6 ml, and tho fraeilona containing modified IFN-yd2 having the polyethylano glyool methyl 
ether moiety on the Lya s-amino group In the molecule are collected and combined. When this product Is 

3S odmlnlfllorod to mta. ovldant dalay In cfaananca In blood is noted. 

On the other hand, the pradpltate Is dissolved in 6 M guanfdine hydrochloridar dialyaed against 26 mM 
ammonium acetate buffer (pH e.O)+0.lS M sodium cntoride-4-10 mlUI glutethfone at 4*C ovarnight, and 
purfflad by Sephadex 6-76 gel ftttraden in the same manner oa above. Thua la otnalned a fraction 
containlno modified IFN-vd2 having tho polyethylene glycol meOiyl ethyl moiety on the Lys tc-amlno group 

40 In the molecule. 

Example e 

Production of polyathylene glycol methyl ethor-modlliod IFN-yS 

(I) A S-ml (fi.5 mg aa protein) portion of the IFNl-vd3 solution obtained In Reference Gxampte 4 1ft applied 

as to Q Sephedeix Q"25 column (2.0XS0.0 cm|, followed try developmem witn 0^ M pnosprtate buffer (pH 7.0]. 
The efuiite Is firaetlenated in 5-ml pordona. Fraeclons Noa. 11-^13 are combined* and thoroto are edded 
polyeihviene glycol methyl ether aldehyde (average molecular weight 750) {225 mgl and then sodium 
cyenobofDhydride (120 mg). Tho mixture la ahokon ot 37°C for 24 houra. Tha reaction mixture la applied to a 
Sephadex 6'75 column (3.0x43.0 em), followed by development with 25 mM ammonium aeataie buffer 

n (pH 6.01. This is obtained a fraction contain ing modmeo lPN-yd3 with the poiyetnyiene glyool methyl ether 
moiety on the Lya e-amlno group In The moiecule. When thia product Is admlntsTerad to rats, obvious delay 
In daarance In blood is observed. 

Example 7 

ss Production of polystnyiena glycol manhyi ethsr-modmed )L-2 

(I) A e-ml (5.0 nr>g ea protein) portion of the InrtorteuUn 2 {hereinafter abbreviated as rlL-2) obtafnsa In 
Reference Example 5 u/as dialyaed agelnst 0.3 M phosphate buffer (pH 7.15) for 12 heurc To tho dialyzate 
was added poiyetnyiene glycol msinyi ether aldehyde (average molecular weight 760) (97 mg). and then 
sodium cyanoborohydrlda (100 mg). Tho mixture waa stirred at 37^ for 24 hours. The resultant precipitate 

irp waa removed by eentrlfugetion. The supemacant was dialyzed sgaint E mM ammonium acetsre buffer (pM 
5.0) for 5 hours. The dlalyzate was applied to a Sephadex G-75 column (3.0X43.0 em) and developed with 
the same solvent system. The eluate was fractionated In &^ml portiona. T^e daatred product-comelnlng 
fractions Noa. 21—29 were combined. The combined fraction had e protein content of 25 ug/ml as 
doiormined by the Bradford method using bovine Gerum elbumin as a Standard. The acid hvaroiysata (B M 

ss hydrochloric add, 110*C. 24 hours) gave tha fallowing amino acid enelysis valua«: Aep. 12.0 (12|j Thr. 12.& 



8 



EP 0154 316 B1 

(131: Ser.7.1 16): Gly, 18.8 (18J; Pro, 5.5 (5): Gly, 2.2 (2); Ala. 5.0 (51: Vel. 3.7 (A); Met, 3^ (d); lla. 8.1 (fi); Uu, 
22.2 (22); Tyr, 3.0 0); Phe, S.0 (6); Lv6, 7^; HIa. 3.0 {3); Arg. 3.9 14); Cv8, Trp, daconiDosad. SInca HU2 
contelns 11 Lys rsttidues/the abovo re«ult» tndtoate that about 33.6% of ths Ly« e-amtno groupe had boon 
modtfisd by polyothylans glycol methyl eiher. The IL-2 activity of ths product aa determtnsd by the mathod 
5 of Hlnums oi al. iBtochernlcal and Blophyalcal Rasaarch Communlceilons. 709, 383—369 {198211 which 
maasures iho growth of an IL-2-<departdent mousa natural klllor coll lino (NKC3) with tho (°Hl-thymidine 
uptake into ONA ea an inde« was 22,388 unltaAng- When rlL'2 is supposed to have an activity of 40.000 
unhs/mQr tha product la aatimrnvd to rstsln 57.7% of tha accivfty. After administrailon of this pinduo. 
obvious delay In clearance in blood was noted. 

10 

Rofamnce Eumpte 1 

Syhtheeis of polvstfiylans Qlyeol methylsther aldehyde 

0) Polyethylene gtycDl metnyt ether (5 g; avaraga molecuier weight 5.000) watt dissolved in methylene 
Chloride (100 ml) and then pyrldinlufn chlorochramece 1330 mg) was addftd, The mlMura was stirred at 

IB rotfm temparatur* for 12 hours. Tha nis^on mixture was diluted two-fold wHh methylenB chloride and 
poured into a FlorlsU column (67ciO cm), and tne column wee washed with meihyleno chloride and than 
wrth ehlorofbrmt fotlowsd by elucion with mathanolchloroform (1:9). Practlona poatlivo to 2,4-diniiro- 
phenylhydrazine test were combined, the selvent was distilled off under reduced pressurd, and there wes 
obtained a crystalline wax. Yield 1.6 g (30%). Thin layer chromatography: Rr>0.08 (chloroform-methanol' 

20 ocalle acld»9: 1 :0.6, slllea gel)> ^'C'NMR apeetromatrv revsalad an absorption due to the aldehyde group in 
hydreted form (-^HfOHg at 9S.2 ppm. 

(H) Polyvthylonc glycol methyl ather (10 g; averago molecular welghn SrOQO) was diesohred In 
tertlary-butenel (100 ml). Thereto waa added pataeaium tertiary-butoxlde (^17 g), followed tiy addition of 
bramoacstal (2.56 ml). The mixture was stirrad at AOT for 2 hours. The tem'ary-butanol was then dlstlHed 

9S off under roducod proaauro, wotor woa added to tho rcatduo, and the oqueouD mixture wee oxtroctnd with 
chloroform (200 mlx2). The extract waa washed with watar end driad over snhydrous sodium sulfate. The 
Chloroform wasxnan dlsdiied off under reduced pressure, petroleum benzine waa added to the rsaitiue, and 
the resultant cryataHtne rvaldua was collected by filtration end waahad with ether. Thus woa obtolned 3.S g 
(96%) of the corresponding polyelhylane glycol methyl ether diethyl acetal. A 6-g poKlon of the Bcstsl wss 

SQ diaaolvod in 60 ml of 0.05 M tnftuoniDcet^c acid, treated In a boiling water bath for 90 minutes ana Then 
lyophlllzed, giving a polyethylene glycol methyl ether aldehyde longer In chain length by — O— CHaCHs — 
than the oroouct obtained In (I)« 

Uii) Polyethylene glycol methyl ether (6.7 g; evorege molecular weight 1*300) WBS dlssoh/ed In 
mathvtens chloride (100 ml) and then pyridlnlum chloroehromste (870 mg) waa addad. The mixtura waa 

is stirred at roam temperature for 12 hours, then dilined wtth an equal volume of meihytena cnioride, end 
poured into a Florlall oolumn (6.0x10.0 em). The column was waahed with methylene chlorldg end then 
With chloroform, followed by etutlon wtm 10% metnenor/chloroform Fractions posrilva to 2.A^lnltre* 
phenylhydraalne tost were eomblnod. Romoval of the sohrant by distlllatttm geve a crystoUlne wax. Yield 
1^ 0 (30%). Thin layer chromatography: RrxO.IO (chloroform-methsnol-acedc Beld»>9: 1:0.6, ellTca gel). 

so ^^NMR spactrometry indicated the oresence of an absorpmon due to tne aldenyds group in hydrated form 
(— CH(OH)«) at 9S.2 ppm, 

(IV) Poiyotnyiena glycol methyl etner (19.5 g; everage molecuier weight 1.800} wsa dlnsofved in 
tertiery-butenol (100 ml). Potaaalum tertiary-butawdB (10.4 g) waa added end then bromoacatal (6.4 ml) 
was added. Tha ml«ur# was stirred at 40°C for 2 hours. Tho tortfary-butenol was then distillod off under 

«9 reduced pressure, vyeter was aoded to the residue, followed tiy exoraction with chloroform (200 ml x 2). The 
extract was washed wfth water and dried evar anhydroue sodium aulfote^ The chloroform was dtodlled off 
undBr raduced presaure. petroleum benzine wee added to the nuildue, end the resultant crystalline residue 
was collected by filtration and washed with ethar to give 8.5 g (69.5%) Of aooial. A 3-g portion of ina acdta) 
waa dissolved tn 0.05 M triflueroacetic acid, end the solution was treated In o boiling water bath for 30 

so minutes ana man (yopnillzed to give a poiyeihytone glycol methyl ether aldehyde longer in chain length by 
— O— CHaCHf^ than tha product obtained In (HI). 

(v) Polyethylene glycol methyl ethar spectea having average molecular woighta of 750. 5S0 and 350 
were aenved lo the corresponding aldehyde species by following the ataove procedures. 

U Reference Example 2 

Synthesis of elkanoyi poiyexhyteneglycot aldehyae 

(!) In 50 ml of pyridlno, there was disaelvad IS g of polyoihylena glycol 1540 (Wolca Pure ChemrcBl 
Industries) (everage molecuier weight 1500). To the solution was added 1.S5 ml of acetic anhydride. The 
mixtura wee sttrrvd at d0*C for 2 hours and then at room temosreiure for 16 hours. Tberaaftar. the solvent 

Qv was diatllled off undar reduoed preeouro. Ths roBtdua was dieaolvod tn chloroform, and the eolutlon was 
washed with water, tha chloroform layer waa dried over anhydrous sodium autfata, and the chloroform 
woa difftilied off under reduced pressure. The residue waa dlssohred in a smell amount oT cniorororm, a 
petfoieum benzine-ether (2:1) mrxiuro was added to the sotution, and the mixture was allowed to stand to 
give 14 g (90%) of fl crystalline wax. A 1.4-g oonlon of tna wax was dissolved in 50 ml of methylene 

OS chloride, followed by sddlllon of 300 mg of pyridinium chiorochromate. The resulting mixture was stfrrea 
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at room temporature for 1& houra. Tha naetlon miJcturv was apptieit to a sHtoa gol C-200 (Wako Puro 
ChemicB) Indusniss) cotumn {3^S0 cm), end xh« column was washed with G% m«thanol-<:hloroform {200 
ml) and elUTed with 10% methanol-ehloroform. Practiono po«ltiv9 io the 2«4^lnltrophonvlhydrazlna test 
were combined, and the solvem was distilled off under reduced pressure. A crystetllne wax was obtained. 
s Viald 580 me {41%). 

ill) In 60 ml of methyleno chloride, there was disMtvcd 20 g of polyathylone glycol 1000 (Waka Pure 
Chemical ind.) (average molecular waight 1000). followed by addition of 5.1 S 0 of rv-caprayl anhydrido. Th« 
mlxniro wee edrred et 70X for 2 houra. Than, the solvent was distillM Qtf, and the residue was purifled 
uaing a aldca gal C-200 column (3x50 cm) and alutton with ethyl aceftate-methanol (4:1) to give 14.9 g (60%) 
10 of an oilr wnich soliamed UDOn siandino fn a reTrigarator. iTia aubsoquent oxidation with pyridlnlum 
chlarochromatB as conducted In tho aamo manner aa (0 gave the coiraapanding Bldahyda. 

Reference ExamDle 3 — Production of IPN^d2 
0) Transfbrmant prspaniTion 
IB The IFN-v expreuion plafimld pHmrpllOI [cf. EPC (laid open) No. 110044. Example 2 (iiUI wao 
dlgeated with die resirfctfon enzymes Avatt and PSfl. and an AvBlhPsA 1 kb ONA frBgmant containing the 
irN-v gene porcian wae Isolated. Tha protain eynthaaie etart eodon-oontaintng ollgonuclsotide adapter 

CGATAATGTGCCAG 

20 

TATrACACGGTCCTG 

chemically synthasbBad by the pho^hetriester method woa joined to the above DNA fragment at tho AvaW 

cohesive end thereof using T4 ONA lloaee. 
3S The ebova sdapter-Jomed geno waa inaarted into the DNA fnisment obtained by claevags of the 

piasmid ptrp77l (cf. abava-clied publication. Example 2 (10] with the resvtcdon enzymes C/at and Pad, 

donfynstresm from tho trp promt^tar |n said fregment. Tbua was conetruaad the axpraawon plasmld 

pHITfrpllOI'dS coding for the Cya-Tyr'-deficiant IFN-y polypoptido (Fig. 3). 

£sch9richia coN 294 was transformed with thia plaamid pHFTtrpI 101-d2 by the method of Cohen at al, 
M [Proc. Netl. Acad. Sci. U.S,A., fi9. 2110 (1972» to give the iransformant Cacherichla CO// (-£. cam 

294/pHrTtrp1101-d2 carrying said plaamid. 



(n) Traneformam cultivation 

as Tho strain f. coU 294/pHITirpl 10l-d2 carrying tho plaamid conamicxod In (I) above waa cultivaraa in M9 
medium conuinino 8 UgAnl of tetracycline, 0.d% of eassmino addA 4nd 1% of glucose at 37*C. When the 
growth reached KU 220, S'P-lndolyl acrylic add (lAA) was aOdad to a concentratton of 25 pg/mt Theraaftar, 
the cultivation was comlnuad for fufthar 4 hours. After eullhratlon, calls wore horvastod by conMfugatlon 
and suspended in 1/10 volume of O.OS M Trls-HC) (pH 7.6) containing 10% sucrasa. To tha euspanamn, there 

« ware added phanylmothylaulfonyl fluoride. NoCI, ethvlenBdiomlnetetraacetate (EDTA). epermldlne and 
lysozyme to concentrations of 1 mM, 1 0 mM, 40 mM and 200 poVml, respecthrely. After standing at 0^ for 1 
hour, the euapension was trested at 37X Tor 3 minutes to give a lyaate. 

The lysate was aubjected to cantrlfueaUon ot 4*C and 20,000 rpm (Scrvall CBntrtfuga, 53-34 rotor} fof 3D 
minutOS to give en IFN-Vd2 polypeptide-eontalning supamaiant. This aupernstanr had an antiviral activity 

4S of 2^x10" U/lher culture Huld. 



(iii) Purification of IFN-vd2 

in IB ml of 0.1 M Tria-hydrochloride buffer (pH 7.01 containing 7 M guanldlne hydrochloride and 2 mM 

GO phenylmothylsuHonyi fluoride, there ware auspendeo &S fl of cells obtaTned in the aame manner as 01) 
above and stored in the frozen state. The suspension was stirred at 4''C for 1 hour and then subjected to 
centrrfugation at 10,O00xg for 30 minutes to give 20 ml of a cupematsnt T^iia auparnatant waa dlluiod with 
260 ml of a buffer (pH 7.4) comprising 137 mM sodium chloride, 2.7 miV! poiasslum cniorida, 8.1 mM 
di sodium phospheie and 1.B mM manepetasalum phosphate (hereinafter eueh buffer being roferred to by 

55 the ebbrovlotion PBS) and the dilution was applied to an antibody column (Mev2.1 1.1, column volume 12 
mil at a flow rate of 1 ml/m!nuto. The column was then weahcd with 00 ml of 20 mM sodium ohosphato 
buffer (pH 7.0) containing 0.5 (U guanldlne hydrochloride and alutad with 3B ml of 20 mM aodlum 
phosphoic buffer (pH 7,0) containing 2 M guanidine rtydrochlorlda to give 20 ml of an anthrirslty active 
fraction. 

60 This 20-ml Traction was applied to a Saphacryl S-200 (Pharmaeia) column (2,6x94 cm, column volume 
600 ml) equilibrated in advance with 26 mM ammonium acetate buffer (pH 6.0) containing 1 mM 
ethylanedlaminstetreacataca, 0.1 B M sodium chloride. 10 mM cysteine and 2 M guanidine hydrochloride, 
followed 1^ ejuiion with the same buffer, tdus was obtained 37 ml of an antlvlrally ecdva fraction. 
The Cya-Tyr-daficieni IFN-y polypeptide (IFN-vd2) obtained weighed 5,9 mg and had B apBcmc activity 

fis Of 1.0X10^ U/mg. 



10 



« 



EP 0154 316 B1 

Befenence Example 4 — Production of IFN^d3 

^T^rJipG^G*^ pRC23flFi-8D0 Icf. EXBRiple 7 of the speciflcatlon for e oatenx aopiicaiion 

under EPC es laid ooan under No. 00890781 was digested with theY«rtrirtian enzymofl /Vrfel and Wcol. end a 
710 bp Nefe\-Nc9\ DNA frsgmont (A) containins the IFN-Y fl«ne region w«s isolotod. Supowtaly. the plBSmld 
PRC23 was dioesied with the restricoon enzyme Bgrn end £coH\. and a 2fi3 hp DNA rraemeni IB) coniBlnlng 
tfiB APi. promoter WM Inolatod. The frogmfrnta iA) and IBi and tho ehemleally Bynthaalsad, protein aynthaaia 
ctart codon-containing oligonudeotld* 

AATTCATGCAGGATOCA 
GTACGTCCTAGGTAT 

wBre ioined lonether uaing T« DNA IIsbbb, with the /Vriei and fcoRi cohealve ando ao tho aitos of joining. 
T^rONAfreement thuo obtained wa. joinod to tha plaemld pRC2artPI-«)0 aftef trMtm^nt whh A/cel and 
£5 °« cmiatruet an expre-alon plaamid. dLC2, coding for CM CVe-Tfr-C^-dgC^^^ 

nSKmamida (Flo 21 Thifl olasmid plJC2 W0a uBBd for tranaformlng GschmMo coli RRKpnK248 dia) by the 
Sd^ C^ien e^^^^^^^ » tranaformant. f«/»erfc/»/a coU cp/fl PRKpLCa.pRK248 cte). 

(11) Tranaformam cultivation . . - jn . 

The aireln £. coli RRl(pLC2.pRK248 cHs) carrving the plaamid coneiruciad in 0) -bove was 
ahalto-oullured et 9S»C in Bft ml of a liquid medium eontatnlna 1 % Bactonyptone, 0-5% yaaat eJCtrect O.B% 
aodlum chloride and 7 pg/ml cetracyetine. The culture broth was tranaferred to 2.5 Utare of M9 medium 
comeining 0.fi% coaamino add, 0.5% glucose and 7 us^ml tetracycline, and grown at3S*C for 4 hours and 
than at AVC for 3 houra. Cella were harvested by centrlfugatlon and sierad at -SOrc. 

(I III Purification 

In 22 ml of 0.1 M Tria-hydrochiorlde buffer (pH 7.0) comaining 7 M guanldme hyarochiorioe ana 2 mwi 
ohenvImethvlBulfonyl fluoride, thoro wore ouapandad 7.1 g of froian cell* obtained In ihe eame mannor o» 
mantioned above In (H). The suspension waa eUrraa at «-C Tor 1 hour ana then cantrtfupBd at ia.tK)OXo Tor 
30 minutas to nlve 24 ml of a aupematanL Thie aupamaiant was dtluied by adding 300 ml of PBS and the 
dilution was applied to an andbody column (Moy2-11.1, column capaelt/ 15 ml) at a flow rate of j 
ml/minutB. Thareafter, the column was washed with eo mi of 20 mM sodium phosphate buffer (pH 7,0) 
containing 0.6 M guanldlne hydrochtorido and then elutad with. 45 mi of 20 mM aodium phoaphotobuffer 
(dH 7 0) containing 2 M guanidino hydrochloride, to give 25 mi ol an antniirallv aetiva fraction. T>iis fraction 
(25 mil was aDpnad to a Saohacryl S-200 (Pharmacia) column (2.6x84 cm; column capacity 900 ml) 
Muillbreied in olivonoo with 25 mM ammonium acBiate buffer (pH 6.0) containing 1 mM ethvlonediamlne- 
tettaacatlc acid, 0.1S M sodium chloride, 10 mM evsteine and 2 M guanidlna hydfochloilde. and eltJtea wnn 
ma same buffer to give 40, mi of an antivi roily ecUve fraction. 

TTio thus-obtained Cyn-Tyr-Cya-deflciant IFN-y polypeptide IFN-y d3 weighed 7,0 mg and had a epodflc 
aetivrtv of 2,72x10^ lUymg. 

Reference Example 5 — Production of non-glycosyleted human !L-2 

(I) ^^^^^f^^!^y^^^i^^^^^ Appln. No. B430gi 53.01 waa Inoculatad Into BO ml of a liquid medium (pM 
7 0) containing i% Bacto tfyptone (Drfco Uboratorios, USAl. O.B% Beein yeast exirstt (Drfco uaborstDnes, 
USA). Q.B% sodium chloride end 7 uo/ml tohocydlne aa placed In e ZSD-ml Erienmeyer flaak. After 
IncubBrion at 37-C overnight on a swing rotor, the culture medium wae transfarrsd to a B-IIter lar fermonter 
contBinino 2.5 liiore oT M9 medium containing 0.6% caaamino acid. 0.S16 glucose ana 7 ugrtnl OTacychne. 
Incubation wae then conducted with fiaretion and eilrring at 37^ For 4 houra and after additton of 
9-^-1 ndoIylBcrylic add (2S pg/ml), for further 4 hours. Cells were hanwfited from the thus-obtsined 2.5-liter 
culture broth by centrtfugation. frozen at -OOX and stored. 

(il) Extraction . ^ 

The frBezB-Biorod cells (12.1 g) obtolned above wore auapsnded unrformty in 100 ml of on oxtractenc 
{pH 7.0) conteining 7 M guanidino hydrochloride and 0.1 M Trie • HCI, the euapenalon was atlrr*d at 4»C for 
1 hour and the lyaate was contrifugad at 28.000X0 Tor 20 mlnutaa. Tnore was obtained 93 mi of a 
supernatant. 

(Hi) Purification of IL-2 protein * ^ ^ , 

Tho owparnatant obtained above waa diotyaod ogolnat 0.01 M Trio • HCI buffer (pH 8.b) end tnon 
cBRtrifuged at IQ.OOOxg for 10 minutaa, giving B4 ml of a dialyzate supernatant. Thla dialyzata supernatant 
wa3 applied to a DE B2 (DEAE-cellulose. Whatman. Great Britain) column (50 ml in volumal eauillbratad 
with 0.01 M Tria • HCI buffor (pH 6.5) for protein adaorption. IL-2 was eluted making a linear NaCI 
concentration gradient (0—0.15 M NaCI, 1 litar|. The active fractions (53 mil ware conceniraiad to 4.8 mi 
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usinQ 8 VM-5 mdmbrane (Amico, USA) and subjsctBd to gel filtration using a Sephacryt S-200 (Pharmaolfi, 
Swsdan) column 15DQ ml tn volums) eaulbrsted wrth 0.1 M Trie - HQ (pH 1 M NaCI buffer. Tha sctiv* 
fractions (28 ml) obtained ware eonoontrBtod to 2,6 ml ualng a YM-G membrane. The cancsnrrsis was 
applied to an Ultrapore RPSC (Aftax, USA) column for adsorption, and high performance liquid 

e chromatograotiy was perforrfiad using B irifiuopoacexfc acia-acatonTtme ayatsm s« (h« elusnt. 

Under tha condrtlono: column. Ultrapore RPSC <4.6x?s mm); column lemDerBTure* 30*0: eluem A, 
0.1% trffluoroaeetic aeId-^ad.S96 water; sluent 8, 0.1% trifluoroaoetle acid— acetonltrilc; elution 
pfQSram, minute 0 (68% A-(-32% B}- minute 25 (65% A+a5% B}-mIniite 35 (65% A-^SSSfc Bl-minuta 45 
(30% A-t-70% Bl-minuts 48 (100% B); etutlon rate, 0.B mt/min.; detection wave length, 230 nm. An active 

ID fraction urae collected at a retention time of about 2B minutea. Thus was obtained 10 ml of e salution 
contatnTng 0.B3 mg of non-glycosyiatBd human IL^ protein (apedfic aetlvny, 40.000 U/mg; activity recavery 
from atartlng matariali 30.6%: purtly of pratain* 99% {dotermlned by dansftDmetry)). 

Clalme 

IS 

1. A cnsmicairy modified Ivmpholdna naving polyethylene olyeol of th« formula: 

20 wherein R is a protective group for the terminal oxygen otom end n Is nn optional oosttive imager bonded 

directly to at least one prirriarv amino group of the tymphoklne moieiy. 

2. The modified lymphokine according to claim 1. wherein tha lympholcina moiety has molacular 
weight from 6.000 to 60,000. 

3. The modfflBd lympholcina according to daim 2, wherein tha lymphokine moiety has malecular 
ss weight from 10^00 to 30.000. 

4. The modified lymphokine according to claim 1, wherein the lympholcina moiety is interferons. 
imerleuldn-2. macrophage dirfereniiatlna factor macrophaga activating factor, or subatancas similar tn 
struetuns and m physlologleet activity id thoae. 

6. Tha modniad lympholdna according to daim 1, wherein cha fympholdna moiety la fntorforon-cu 
M iiiiurforon-O, Intorferon'y, imorfaron-ydZ, InterfarDn-ydS or Tnxerteuldn-Z. 

6. The modified lymphokine according to clelm 1, wherein the lymphokine moiety is 1ntarferon*a. 

7. The modified lymphoklnB aceonSlng to claim 1, wherein tha lympheldnB moiety Is Intarferon-y. 
a Tha modified lymphoUno according to claim 1, wherein the lymphokine moleiy la lnterlaukin-2. 
3. The modiflad lymphokine according to claim 1* wherein the pelyethylone glycol hea molecular 

a5 weight corrBapondlng to 1 ID 10% OT me molecular weight of the lymphokine molaiy. 

10. The modrfted Vmphoklne according to daim 1, wherein the polyothylene glycol has molecular 
weight from aso to e..0QO. 

11. The modifiod hrmphoklne according CO claim 1, wnerein R Is atkyl or elkanoyl. 

1Z. Tha modiflad fymphoMne aeeordlng to claim 1. wharaln n la a poattlve Integer from 7 to 120. 
40. ia. The modified lymgnokine according to claim 1, wherein the primary amino group la N-temiinal 
Q-amlno group or e^mlno group of lysine residua In the lymphokine moiety. 

14. Tha modinad lymphokina according to elBlm 1, which has polyathylena gtycol bonded to 15 to eO% 
of e-amino groupa of lyalne noaidua in The tymphokine moiety. 

15. A method of producing a chemically modiftad lympholnne having potyvthylene glycol Of the 
4v fomiula: 

whnrvtn P la a protaettve group for the terminal oxygen otom end n is an optional positive Integer, bonded 
fiO directly to at least one primary amino gmup of tha lymphokine moelty. which compriaos reacting a 

lymphokine with an aldehyde of the formula: 

fH-0— CH,CHrW«Ha(>IO 

ss wherein R and n are aa defined above. In the presence of o reduang agom. 

16. The method aocording to claim 16, wherein the reaction is condueced In the nsighborheed of 
neutrality. 

17. The method accortllng xo claim 16, wherein the raduclng agent is sodium cyanoborohydride. 



PatantansprOche 

1. Cnamlsch modifiziartes tymphokin, das ain Polyithylengiycol dsr Formal 

CHjCHHs 
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vtfdrin R elne Schuugmppe «r doo endetflndigo Sauonrtoffatom let und n eine wfthlbere pasitivs gonse 2ahl 
darviellt, direki an wrtnigstana «ln« prlm*ri> Aminognjppa dea LvmphokinanteiJs gabundan an»helt. 
2. (WoairwanBa uvmpnoWn nach Anapruch 1. worin dar Lvmphokinartiell em Molakularoewlcht von 

5,000 Wa^SOjOOO^a^ njich Anapruch 2. worin der LvmphoWnantell ein Woleculargswicnt von 

^°'TN?iSiifl?iortw"L^^^ naeh Anapruch 1, worin dcr LymphoWnantell au« Interferonen, Iniarleukln- 
2, M^^h^-^nsr^iBnji^QsXMor. Makropnag-AWMBrunosfBteor Oder dlann In Smjtojr und 
nhvalolodlaehar Aktiviiat fihnllchen Substanten baeteht . . - 

5 ModinSi^ nach Anapruch 1, worin dar LvmphokinBrrtail Interfaron^i. Inwrfaron-p; 

Interfiron-v, imerTBron-YdZ. mierfsfon-Yds oaer interieuwn-2 'si. „ . ^ 

ModlfWeraa Lvmphokin nech Anspruch 1, vmrin dar Lymphok nanio ntarfflron-o bl 

7. ModinziartM Lymphokin naeh Anapruch 1, vwHn der Lymphoid nant»n lnt«T#.ron.v I«t. 

8. ModlffWflrtea Lymphokin nach Anspruch 1, worin der LyrnphoklnantalMntariaukin-a lat 

8. Mofirlarxea Lymphokin necb Anjprwch 1. worin daa Polyflthylonglycol «ln JkfloiBulargewnehT eufweict, 
dBft 1 bla 10% dea Molaui«ro«wieh«» das Lymph okinanteilee onteprieht- , , , , , ^ 
10. Modffiaenea Lympnokin naeh Anapruch 1. worin das PohrathylBnglycol ain Moloculargewicht von 

Vl! MSd?ri>i^^' Lymphokin nech Anspmeh 1. worin R fur Alkyl o'ler ^Itonoyt ateht 

12. ModmziertSf LymphoWn nach Anspruch 1, worin n oino poattiva ganzo Zohl von 7 bla IZQ wedo""*- 

13. Modifiziartaa Lymphokin nach Anapruch 1, worin die primflre Aminogruppe dno N-endstfindiga 
a^minooruppa Oder e-AmlnooftJppa ainea Lyainraataa (m Lymphokinanwil dersieiH. 

14. ModSuiaSa Lymphokin nach Anapruch 1, doa oln PolyfilhylonBlycol anthftiT, daa an 15 Wa fiO% der 
6-Aminogruppen daa Lyainresisa im Lymphoklnantall B«bunden iat. ^ . , ^ 

1 6. verfahran air Hergiaiiung elnes chemiacn modlfiaerwn Lvmpnoidn*. oaa ein Potyamylengiycol dar 
Formel 

IM-0CH.CHa4ir 

I worin H alna scnutzaruopa tor daa enoalflndioe Sauerstoffawm isi und n fOr eJna wfihlhare positive genze 
Zahl Bteht dirakt an wanigaiena elne primire Amlnognjppe das Lymphokinentejls gobunden enthfili, 
walehee Varfahran dia Um»Htaung alnas Lymphoklns mfl ainom Aldehyd der Formal 

R-fO— CH«CHrW>-^H,CHO, 

worin fl und n die voiaiohond angcfQhrto Bedoutung hoaltzcn. In Gogonwon oinoa Roduktionominola 

"'"'lll'verranren nach Anaprucn is, worin die Raaktloh in dar NBhe das Nautraiberalchoa durchgefOhrt 

J ^ 171 Verfahran nach Anspruch 15, worin das HedukrionamitiiBl Natriumeyflnborhydrld iai. 



R«vendic«tions 

1. Lymphokina chlmlquement modHiiB ayanl du polyAthylfenoglycol de Formule: 

n-M)-CH.CHr4B 

dsns laquBllB R bm un graupa pmtacMur do I'atama d'oxygAno corminal oi n est un nombm Bntiar pnaWf 
lalwd 8U choix, Ii6 dfrectement ft au melns un groups amino primalro du fragmBm lymphoUna. 

2. Lymphokine modifiia aelon Is rwendication 1. dana laquelle le fragmam ^mphokinB a una maaao 
moldoulalrB oomprioo ontro 6000 ot 50 000. . . . , 

3. Lymphokina modiflAa aelon la ravendicaUon 2, dana laquelle le fragmam lymphokine a una maeae 
moiecuifli re comprtea antra 10 000 Bi 30 000. . . ^ . ^ ... 

4. Lymphoklna modlflAB «aion la ravandicatlon 1, dana laquelle la fragment lymphokine oat un 
IntBTfdron. l'intBriBuWna.2, un fiacteur de diffSrondation de macrophage, un facteur d'acttvatlon da 
mBcrophaga, ou una aubatnncB aimileirt an structura « en dctlvit* phyaialoglque k cea aubstoncos. 

5. Lymphokine modifiee selon la revandtcation 1. dans laquelle ie fragmem lymphokine est 
rinterfAron^i, rinterf6ron.3. I'lnterfdron-y, |-lmerf6ron-YdZ. nnterfdron-vda ou rimeneuKine-2. 

fl. Lymphokine modift^o aelon lo rovendicodon 1» dana ioquolle le frogmonx lymphokine ont 
I'lntarfAron^a 

7. LVmphoWne modlflda salon la rwvondlcation 1, 

I'mterfAron-y. 

8. Lymphokine modlfifta aelon la revendleation 1. 
rintBrieuklne-2. 



dana IsquOlla lo fragmont lymphokfna asi 
dans laquelle le fragment lymphokine est 
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9. Lympholdne modlflde selon Is rovondlcatlon 1, dona iDquelle le poly^ytdneBlycol d une masse 
moltajlairs corraspondant d i% d 10% d« la mssaa malticulsire du frBgynani lymphokino. 

10. Lyrnphakme modlflde aalan Ib revendlcatlon 1, dons laquelte Ifi DotvMivlAneglveol a une massa 
moldculaire campflfis entre 350 et 6 000. 

6 11. LymoAoKlne tnaa\1\6a aaton le revendicetion 1. d«nfi Isqualle R «st un allcyla ou un alcanoylo. 
12- Lymphokino modtfi^o oolon Is ravcndicetlon 1. dans lacuolte n esi un enHer pDSlOT csampris entre? 
«t 120. 

13. Lvmphoklne madifldB selon la revendlcetlon 1. dens lequelle l« greupe amino prim aire est le 
eroupe a-emino de rextrdmttd N-termfnale ou Is groupa e-amino d'un rastQ Ivatna dans le fraoment 

TO lymphoklne. 

14. Lymphokina modmae aelon la revendleatlon V qui a du poly6thyl6negtvcol 116 & 1&% & 80% des 
grouped e-smtno du raeto lyalne dona re fragmont lymphakine. 

IEl Proc6d6 de prAparation d'une lymphokine chimiquemont nrkodifi^B ayant du polydthylAneslrcol de 
formula: 

dsns laquetla R set un groups protaeeaur de Ketonio d'oxygftne terminal er n est un nomore eniler posltlT 
l^lfiS6 au choix HA dlrectemenr h eu molns un gmupe amino primaira du fragment lymphokino, qui 
20 comprend le reaction d'une lymphoklne avec un atdaiiVde de formula: 

CH^r^rrO— CH.CHO 

dana laquelle R et n sont tels que d^flnls ci-desaus, en prtoanea d'un agonl raducieur. 
M 16. Prac^dA celon la revsndlcafion 16. dans lequei la raaetion est r^ellsie au voleinege da la neuiralliA. 
17. Proc£d6 selon Is revendication 16, dana lequal Tagent rdduccaur est du cyanoborohydrura de 
sodium. 
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Fig- 1 
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